The interaction of phosphorothioate analogues of ATP with phosphomevalonate kinase. Kinetic and 31P NMR studies.
The diastereomers of adenosine 5'-O-(1-thiotriphosphate) (ATP alpha S), adenosine 5'-O-(2-thiotriphosphate) (ATP beta S), and adenosine 5'-O-(3-thiotriphosphate) (ATP gamma S) could act as substrates for phosphomevalonate kinase in the presence of Mg2+ and Cd2+ as activating divalent metal cations. The Sp diastereomer of ATP alpha S was the preferred substrate regardless of the metal ion used, consistent with the metal ion not binding to the alpha-phosphate. With ATP beta S, the Sp diastereomer was the preferred substrate with Mg2+, and the Rp diastereomer was the preferred substrate with Cd2+. The reversal of specificity establishes that the metal is chelated through the beta-phosphate in the active site of the phosphomevalonate kinase reaction. A comparison of the Vmax values as a function of substitution of oxygen by sulfur showed the order for Mg2+ to be: ATP greater than ATP alpha S(Sp) greater than ATP alpha S(Rp) greater than ATP beta S(Sp) greater than ATP gamma S greater than ATP beta S(Rp). With Cd2+ as the activating metal ion, the order was: ATP greater than ATP alpha S(Sp) greater than ATP alpha S(Rp) greater than ATP beta S(Rp) greater than ATP gamma S greater than ATP beta S(Sp). It is concluded that the chelate structure of metal ATP substrate in the phosphomevalonate kinase reaction is the delta, beta, gamma-bidentate complex. 31P NMR measurements and radioassay with [2-14C] phosphomevalonate were used to measure the equilibrium of the reaction catalyzed by phosphomevalonate kinase with ATP and phosphorothioate analogues of ATP as the phosphoryl group donor. The order as a phosphate donor as determined by both methods in the phosphomevalonate kinase reaction is ATP beta S greater than ATP alpha S greater than ATP greater than ATP gamma S. Except for ATP gamma S, the equilibrium is shifted in the direction of formation of ADP alpha S and ADP beta S relative to ADP formation. Thus, ATP beta S rather than ATP would be effective for the synthesis of diphosphomevalonate. The phosphomevalonate kinase reaction could also be used to synthesize mevalonate 5-(2-thiodiphosphate) using ATP gamma S as the phosphoryl group donor.